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ABSTRACT

A system of classification of the shapes of meteor echoes is established,
and a recording on punch cards of this classification with data on the meteors'
physical properties is described. A simple velocity-computation method is
described, and a number of statistical relations of shapes and physical prop-
erties are computed. The survey covers about 1000 meteors with a compre-
hensive study of all echo types. It shows some characteristics of the stations

and selection effects in the established reduction program.

RESUME

Un systéme de classification des formes d'échos des météores
est €tabli, et un enregistrement sur cartes perforédes de cette
classification, avec les propriétés physiques des météores est
décrit. Une méthode simple de calcul de vitesses est decrite, et
nombre de relations statistiques sur la forme et les propriétés
physiques ont ét¢ calculées. L'étude couvre environ 1000 météores,
avec une analyse de tous les types d'échos. Elle montre quelques
caractéristiques des stations, et des effets sélectifs dans le

programme de reéduction qui a €té établi.



KOHCIIEKT

YcraHoBJE€HA CcHcTeMa kaaccudukauumy ¢opM oTpaxeHMH OT METEOPHOTO
clena, ¥ ONHMCHBAETCA 3alKHCh Ha HaNYHMUPOBAHHHE KApPTOUKHM 3TOH KJiac-
cudvKauuy c JaHHbIMM PH3HUECKHX CBOMCTB MeTeopoB. OnHchBaeTCA NpoOCTOH
MEeTOJ, BLIUKCJHEHHMA CKOPOCTE# M BHICUMTHBAETCHA UHUCJIO CTATHCTHUECKHX
OTHOmMEHHUH MexAy ¢opmamu ¥ ¢usndeck¥Mu cBolicTBamy. 0630p BKINLUAET
oxkono 100 MeTeopoB c BCECTOPOHHHM H3yUEHHEM BCeX THIOB OTpaxeHHH.
0630p yxasbBaeT Ha HECKOJbKO XapaKTEepPHCTHK CTAHUMA K BIMAHHR Beb6Opa

B yCTaHOBJEHHO! mporpaMMe mnpeo6pa3OBaHHA.

vi



A COMPREHENSIVE STUDY OF THE CHARACTERISTICS

OF METEOR ECHOES - 1

Gerald S. Hawkins and John C. Brown

I. INTRODUCTION

The aim of this project was to augment the computations of the established
reduction program by a comprehensive measurement of all echoes of all types
on the six-station films. In particular, the shapes of the meteor echoes were
classified and an attempt was made to relate these shapes statistically to the
physical properties of the meteors. Information on theoretical echo shapes
and computational methods was obtained from McKinley (1961) and Southworth
(1962). The derived velocity distribution was compared to that obtained for

ideal echoes as described by Baker (1963).

This research has been supported in part by contracts NSR-09-015-033 from
the U.S. National Aeronautics and Space Administration, AF 19(628)3248
from the U.S. Air Force Cambridge Research Laboratories, and NAS 9-4873
from the NASA Manned Space Flight Center, Houston, Texas. Mr. Brown
was the recipient of a stipend from the Smithsonian Institution Research

Foundation, Summer 1967.



2. OBSERVATIONAL MATERIAL

The material studied was a selection of films obtained in 1964 by the
Harvard Radio Meteor Project, located at Havana, Illinois, with the six-
station radar array (Hawkins, 1963). This system used a single-trough
transmitting antenna emitting pulsed radar in the form of 6 -usec pulses at a
rate of 739 pulses sec_l and at a frequency of 40. 92 mc sec-l, and five re-
motely located Yagi receiving antennas all linked by a microwave system to
the central receiving station where film recording was carried out. The
films are essentially a recording of echo amplitude versus time for all six
stations, together with a range recording for station 3, the transmitting
station. It should be pointed out that the amplitude of the echo as recorded
on film was not linearly related to the power received, nor was it equal in
scale from one station to another. At all stages of this report, amplitude
refers to recorded amplitude. Amplitude calibrations are recorded on all
films, however, and true echo powers could be obtained by use of these cal-

ibrations if required for future reports.

In addition to the nonlinearity, the receiving equipment had two charac-
teristics that proved of some importance in the investigation. First, the
triggering arrangement of the system operated only for echoes above a fixed
"bright-up'' amplitude, which often resulted in omission of many pulses in
small amplitude echoes. Second, the amplitude recording scales had a sat-
uration amplitude that cut off the amplitude of many large amplitude echoes.
Both these characteristics complicated shape classification of the echoes, to

be described later in the report.

2.1 Selection of Films

A selection of 14 films was made to give fair coverage of the 24 hours of
the day in the periods January, May-June, and October-November 1966. The

film numbers, dates, and time limits of the measured sections are listed for




each film in Table 1. The first 72 meteors were recorded on each film,

giving a total of 1008 meteors.

Table 1. Details of selected films

Date Time of first
Film number (1964) meteor measured Time of last meteor
542 roll 1 January 1 08 07 48 08 1519
545 roll 1 January 14 00 11 59 01 13 51
551 roll 4 January 29 11 13 38 11 59 43
572 roll 2 April 24 20 16 06 22 27 41
577 roll 1 May 8 16 44 51 18 52 17
579 roll 5 May 19 06 21 20 07 0518
583 roll 2 June 1 02 01 47 02 09 22
584 roll 4 June 2 04 59 54 05 03 21
625 roll 2 October 7 09 02 37 09 08 06
627 roll 2 October 9 18 41 29 19 05 59
627 roll 4 October 9 22 28 07 23 02 07
630 roll 2 November 2 01 33 56 01 38 11
631 roll 3 November 3 0312 52 0317 34
632 roll 5 November 4 14 21 39 14 37 20

2.2 Measurement of Films

Since the survey was intended to cover the general form of all echoes re-
corded by the system, regardless of whether they conformed to theoretically
computed forms, any echo that triggered the system was noted, except in a
very few cases when a great deal of interference obscured the echo to the
extent of rendering data on it useless. Such cases were rare, amounting to

a total of less than 1% of all echoes.



The data recorded on the punch cards were chosen tu give a reasonably
accurate numerical categorization of the shape of the recorded echo and to
provide as many data as possible on the measurements of the echoes that
would contribute physical data on the meteor itself. Such data, e.g., veloc-
ity, range, time of day, could then be statistically correlated with the shape

categorization.

Table 2 identifies the quantities in each column on the original punch
cards. These data can be conveniently divided into two parts: the basic meas-
urements of the size and shape of the echo, and a set of punched numbers in-
dicating a rather involved note system. A detailed description of the basic
data is given and the approximate column on the card is designated. This is

followed by a similar description of the note system.



Table 2.

Punch-card format summary

Column number

Data

1-12
13
14

15-16
17
18

19-20
21
22

23-24
25
26

27-28

29-30

31-32

33-34

35-36

37-38
39
40

41-42
43
44

45-46
47
48

49-51

52-54

55-57

58-60

61-63

64-66
67
68

69-70
71

72-76

Year, month, day, hour, minute, second

Blank

Range note
Range in 10-km units

Blank

Amplitude note

Maximum amplitude in 0.1 mm

Blank

Duration note
Duration in 0.1 mm

Blank

Zone number note

Number
Number
Number
Number
Number
Number
Blank

of zones
of zones
of zones
of zones
of zones
of zones

at
at
at
at
at
at

station 1
station 2
station 3
station 4
station 5
station 6

Zone separation note
Zone separation in 0.1 mm

Blank

Zone depth note
Zone depth in 0.1 mm

Blank
Shape
Shape
Shape
Shape
Shape
Shape
Shape
Blank

Rise length note
Rise length in 0.1 mm

Blank

category note
categories
categories
categories
categories
categories
categories

at
at
at
at
at
at

station 1
station 2
station 3
station 4
station 5
station 6

Meteor number (if any)




3. BASIC MEASUREMENTS

The first data recorded for each meteor are the date and time of the

echo, specified as a 12-digit number (year, month, day, hour, minute,

second) in columns 1 to 12 of the card.

The range is estimated to the nearest 10 km in units of 10 km. This 2-
digit number occupies columns 15 and 16. Cases where the range is ambig-
uous are put in the interval 70 to 270 km (the most probable range). The

entry 00 indicates that no measurement was available.

The maximum amplitude, the largest amplitude reached by the echo at

any point (e. g., see Figure 1 for maximum amplitude on a Fresnel echo), is
measured in units of 0. 1 mm to the nearest 0. 1 mm and specified as a 2-
digit number in columns 19 and 20. (In Figures | and 2* the time axisis drawn
reversed to correspond to the appearance of the film record, and facilitates a

comparison of these classification diagrams with subsequent film records.)

S:ZONE L
'SEPARATION RISE LENGTH AMPLITUDE
* —bie
ﬁ——f— - PRE ZONE

ZONE
DEPTH

MAX
AMPLITUDE

Ist MAX | ist PREMAX
2nd MAX 2nd PREMAX

>
i
SEPARATION=S |
|

|

|

|

|

1

]

!

1

|

|

|

TIME ja— ' o
ECHO DURATION e

Figure 1. Fresnel-echo notation.
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See Section 5.




The duration of the echo, distance from start to finish along the time
axis, is also measured as a 2-digit number in units of 0.1 mm and occupies
columns 23 and 24. This measurement can be readily translated into an

actual time as described later in Section 6.

Most ideal echoes, i. e., echoes of the theoretical form for an ionized
column, have Fresnel zones only after the minimum range point. These
echoes show a maximum in the signal, followed by subsidiary maxima. A
few echoes, less than 5%, have zones before the maximum (theoretically
predicted for a nonuniformly ionized column) and are shown in Figure 1.

They will be referred to as having premaxima. The notations 1st maximum,
2nd maximum, etc., and lst premaximum, 2nd premaximum, etc., will be
used to describe successive maxima after and before the main maximum,
respectively. The main maximum is regarded as zero. The notation is indi-

cated in Figure 1.

The number of Fresnel maxima visible is counted at each station (a 2-

digit number) and written as a 12-digit number for successive stations 1
through 6 in columns 27 to 38. This number is strictly the number of

maxima and does not include premaxima.

The zone separation gives an estimate of the meteor velocity (see Sec-

tion 6) and is measured as the distance along the time axis from the main
maximum to the 2nd maximum (see Figure 1) in units of 0. ] mm, giving a
2-digit number in columns 41 and 42. The entry 00 indicates that no meas-
urement was possible. (When only the 1st maximum was visible, the meas-
urement punched was 1.6 times the separation of the 1st maximum from the

main maximum. )

Theory shows that the prezones are equivalent to the zones for computing
velocity measurement. Thus, in cases where prezones are present without
zones, the separation of the 2nd premaximum from the main maximum is

measured.



The zone depth is measured as the depth, in units of 0.1 mm, of the ist
minimum after maximum amplitude below the maximum amplitude point (see
Figure 1). Again, this is a 2-digit number, in columns 45 and 46. This
measurement is made in order to estimate, from the theory of the diffusion
of the ionized column (Loewenthal, 1956; Brysk, 1958), the height of the

meteor.

The shape of the echo is determined by dividing the echo into three parts —

designated rise, middle, and fall. In cases where no distinctive rise, mid-
dle, and fall are visible, the echo is arbitrarily divided into three equal parts
and these are placed as nearly as possible in the established categories. For
each section (rise, middle, and fall), 10 shape categories 0 to 9 are estab-
lished. The system of categories is fully described later with accompanying
diagrams. The shape is specified at all six stations in turn, a 3-digit number

specifying each one. The resulting 18-digit number occupies columns 49-66.

The length of rise is also measured in order to give quantitatively the

rate at which the echo rises to maximum amplitude (see Figure 1), in addition
to the qualitative shape specification. It is measured in units of 0.1 mm and

specified as a 2-digit number in columns 69 and 70.

The meteor number as ascribed in previous reduction work is added to
the data for comparison of the ''ideal'' meteors with those of the general
survey. Since only 17 reduced meteors were found in the 1008 measured, the
majority have no meteor number and 00000 is punched in columns 72 to 76,

where meteor numbers are recorded.




4. THE NOTE SYSTEM

This system specifies any peculiarities of the echoes or any special
aspects of any measurement requiring special treatment. Notes are used
for the various quantities and the symbols "1, "'0'", ""-'" are given to each of

them; their meaning and usage are explained below.

4.1 Range Note

This is either a '""0" or a ''1'" punched in column 14. If a '"0" is punched,
the range measurement following it is unambiguous. If a ""1'" is punched, the
range measurement punched after it is such that the ranging system gives an
ambiguous result, i.e., for example, a range could be 80 km, 280 km, 480
km, etc. In all such cases, the range measurement punched is that in the

most probable range interval 70 to 270 km, the "1" indicating the ambiguity.

4.2 Amplitude Note

In this case a "'0'" indicates that the maximum amplitude was directly
measured at station 3. In some cases, however, the maximum amplitude
point was not recorded at station 3 (e.g., see Figure 2 A.0 in Section 5). In
these cases, if the amplitude could not be measured or estimated for station
3, the maximum amplitude was measured at a station that had an echo most
similar to that part visible at station 3 or was judged best under the circum-
stances. Such measurements are preceded by a '"'l1'" in column 18, A third
possibility is that the maximum was not measurable at any station owing to
satu.ration or delayed triggering. For these echoes, only a lower limit could
be set to the amplitude measurement, and when this was done the ''-" sign
was punched in column 18. A saturation echo appears as -55 in the amplitude
columns,since 5.5 mm was approximately the saturation amplitude. When a

"-'" precedes any number less than 55, the maximum has generally been



omitted by delayed triggering, as shown in Figure 2 A.0. {When a station other
than 3 was measured, the station actually used was noted along side the

meteor time on the record sheet.)

4,3 Duration Note

This system is identical to that in the amplitude note, namely,''0" =
measured at station 3, '"'1'" = measured at a station other than 3, and "-"
indicates a lower bound, generally owing here to cutoff by triggering. The
measurements of duration, amplitude, zone separation and depth, and rise
length are made only for the station (regardless of the number of stations
with a recorded echo) with the most complete echo and with the clearest zones.
This note symbol is punched in column 22. Because only a 2-digit number

is allocated here, any echo longer than 9.9 mm is recorded as -99.

4.4 Zone Number Note

A "1'" in column 26 indicates that zones were just visible at saturation

amplitude but not distinct enough to be counted with certainty.

4.5 Zone Separation Note

In column 40, a '"0' indicates measurement at station 3. Here '"l'" may
indicate, as above, that measurement was made at a station other than 3, but
it is also used to indicate echoes where prezones rather than zones were
measured. The prezone echoes can be distinguished by the additional cate-
gory "5-rise.!" A "-'" indicates a lower bound, sometimes yielding the result

-99, owing again to the 2-digit limitation of the scale to 9. 9 mm.

4.6 Zone Depth Note

The notation in column 44 is the same as that used for zone separation

(column 40).

10



4.7 Shape Note

As in column 26, this note column 48 is rarely used and is not directly
relevant to the reduction. In most cases, therefore, it is '""0''; a ""1" indicates
that some peculiarity of shape categorization was noted on the record sheet,

such as difficulty of classification due to noise or interference.

4.8 Rise Length Note

The notation in column 68 is the same as that for column 40.

It can thus be seen that the usage of ""0'" and '"1'"" does not add quantita-
tively to the data measured, but, in general, a ""0'" preceding a piece of data
indicates that it is more reliable for comparison with other echoes than if a
"1" were used. For example, inthe calculation of velocity, certain approx-
imations can be made that are best if station 3 is used for all measurements.
The use of the "-'"" is, of course, essential to distinguish actual measurements

from lower bounds.

11



5. SHAPE CLASSIFICATION CATEGORIES (See Figure 2)

A. Rise Shape

Category 0 (A.0) The rise of the echo is completely cut off the record

by late triggering, or, if for some other reason, no '"rise' can be defined on
the echo. This category is also used when an echo is so small and short that
only a middle category can reasonably be ascribed. It is not used when only

part of the rise is cut off (see A.4).

Category 1 (A. 1) The shape of rise is similar to that of an ideal theoret-

ical Fresnel pattern for a uniformly ionized column, viz., a short steep-rise

convex toward increasing time on the recording scale.

Category 2 (A. 2) The rise is short, as in A. 1, but entirely concave

toward increasing time.

Category 3 (A. 3) This is the same as A.1 and A.2 but with a straight

rise,

Category 4 (A.4) This is similar to A. 0 but applies to cases where the

last part of the rise was recorded, only the first part being cut off by the
triggering time. It also applies when rise occurs in a step for any reason

other than triggering.

Category 5 (A. 5) The rise shape is similar to that for an ideal theoret-

ical Fresnel echo from a nonuniformly ionized column, having zones before

the maximum amplitude (prezones).

Category 6 (A.6) This is similar to A. 3 but for long straight rises

(i. e., gentle slope).

Category 7 (A. 7) This long slow rise occurs as a series of steps.

Category 8 (A. 8) The long slow rise shows long-period fluctuations

characteristic of a "wind-blown'!' meteor trail.

12



Category 9 (A.9) This category is used for echoes of small, nearly \

constant amplitude close to the minimum bright-up amplitude.

B. Middle Shape

Category 0 (B. 0) Triggering was so late that only the end of the echo

was recorded, rise and middle being omitted, or when only the rise was

recorded before cutoff.

Category 1 (B.1) The echo shape resembles that of the theoretical

Fresnel echo-slow falloff with Fresnel zones,

Category 2 (B.2) This is similar to B. ! in shape but with no zones.

Category 3 (B. 3) A fairly large constant amplitude shows irregular

small fluctuations superimposed.

Category 4 (B.4) The shape is similar to B. 3 but with no fluctuation,

for example, a middle at saturation amplitude. If, however, the saturation
occurs only at the start of the middle, leaving sufficient unsaturated to iden-
tify the true shape, then the true shape category is punched, not the satura-

tion categery.

Category 5 (B.5) A steep step-down after the rise is followed by a slow
falloff,

Category 6 (B.6) This is similar to B. 2 but has a step-up before final
falloff.

Category 7 (B.7) The properties of B. 5 and B. 6 are here combined.

Category 8 (B.8) This corresponds to A. 8, i.e., typical wind-blown

long-period fluctuating echoes.

Category 9 (B. 9) This corresponds to A. 9, i.e., small, near-constant

amplitude echoes.

13



C. Fall Shape

Category 0 (C.0) Falloff is interrupted by cutoff and the fall is omitted

or cannot be defined for some other reason.

Category 1 (C. 1) Start of fall has Fresnel zones and the end falls off

smoothly to zero amplitude (ideal theoretical echo).

Category 2 (C.2) This is like C. 1 but with no zones.

Category 3 (C. 3) This category corresponds to A. 8 and B. 8, i.e., a

long slow fall-off with long-period fluctuations of "wind-blown'' type.

Category 4 (C.4) This corresponds to A.4. It is applied when only part

of the fall is cut off (not omitted as in C. 0) or when any step fall occurs.

Category 5 (C.5) The steep and abrupt fall is concave toward increasing

time.

Category 6 (C.6) This is similar to C. 5 but convex toward increasing

time.

Category 7 (C.7) The falloff tapers to a very small, nearly constant

amplitude around bright-up or it can be applied to echoes where the amplitude
is small throughout. (A Fresnel-type echo often ended as C. 7 rather than
C.1.)

Category 8 (C. 8) This is similar to C.5 and C. 6 but has a steep straight

slope for the fall.

Category 9 (C. 9) A steep step-down from the middle is followed by a

prolonged end of small, nearly constant amplitude.

14



RISE SHAPES

TRIGGERING (T) AMPL TUDE
A.0 Rise Completely Cut Off (A}
TIME (t) i |
A.1 Short Concave Rise
1

A.2 Short Convex Rise

[RisE A
i T

RISE
A.3 Short Straight Rise r— A.l T A
! mmmﬂ'rm

Ar"

(T) A
A. 4 Rise Partially Cut Off
by Triggering or Otherwise t mm l
RISE —
A.5 Fresnel-Zoned Rise A
A
|' RISE >
A
A.6 Long Straight Rise
)
. A
A.7 Stepped Rise
; Ll

A
T QWWMN T
- i

‘—b

A. 9 Very Small-Amplitude '"Rise" T A

; L Bncancnos: Voo P24

Figure 2. Shape classification categories.
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MIDDLE SHAPES

(M) (C) CUTOFF A
B.0 Middle Cut Off by Triggering
or by Early Cutoff t Mﬂ mTM
B.1 Slow Fall-Off with A
Fresnel Zones
t thasthiuill
B.2 Slow Straight Fall-Off A
t
B. 3 Near-Constant Amplitude A
with Small Fluctuations '
B. 4 Constant Amplitude A
No Fluctuations '
B. 5 Step-Down Followed A
by Slow Fall-Off
t
B.6 Slow Fall-Off with Steep A
Rise before Final Fall t j
B.7 Combination of B.6 and B. 7 A
! |
', | |
B.9 Very Small-Amplitude Echo A
! LTI TITII T ™ AT T

Figure 2 (Cont.)
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FALL SHAFPES

C.0 Fall Omitted Due
to Cutoff

| C.1 Slow Fall-Off with
| No Zones
i

C.2 Slow Fall-Off
with No Zones

C.3 Long, Slow, "Wind Blown,"
Fall-Off

C. 4 Fall-Off Interrupted
by Cutoff

C.5 Short Concave Fall

C.6 Short Convex Fall

C.7 Prolonged Small-
Amplitude "Fall"

C.8 Short Straight Fall

C.9 Step Fall Followed
by Small-Amplitude Region

(C) A
v WWMWUWW%
A
L_—__M
A
t .k T
TA
r i il 3
(©) A
t &
A
t d—rﬂ'frmim
A
3 AT
A
L A o LTI
A
, AWW%
A
f Ak I

Figure 2 (Cont.)
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6. VELOCITY COMPUTATION FROM THE DATA

For this investigation, only an approximate value is required for the
velocity of any given meteor, to within +5 km sec-l, in order to compare the
statistics of these velocities with other parameters such as shape. Thus, an
approximate method is sought and the velocities finally are computed using
the zone separation and the range measurements. The method does not, of
course, apply unless at least two maxima are visible but nevertheless gives
sufficient data for a preliminary study and covers a much wider selection of

meteors than previous precise reductions,

The formula actually used is strictly correct only for all measurements
made at station 3, but holds, to a good approximation, for measurements at

other stations.

McKinley (1961, p. 204) shows that the time T taken by the meteor to
travel from the point of maximum echo amplitude to the point corresponding
to the 2nd maximum (or premaximum) of the Fresnel pattern (points A and

B in Figure 3) is given by

(R, \/2) /2
Tl (1)

where RO is the minimum range, V the meteor velocity, and \ the radar

wavelength (all in mks). Thus,

(R n/2)L/?
v Ro My (2)
T

provides the velocity measurement once T has been determined; T is
determined from the zone separation measurement since the number
of pulses per millimeter of film and the number of pulses per second are

known. If the zone separation is given in units of 0. 1 mm (as on the card)

18



and denoted by S and if RO is given in units of 10 km and denoted by R, then,
with all appropriate substitutions made for the system parameters, the for-

mula

1/2
v =500 B2~ (3)

is obtained (rounding error less than 1%). This gives V directly in km sec

/
/

/ 7/
//
2
A , AB=(R>\/2)|/
/

METEOR PATH

RADAR STATION (OPERATING WAVELENGTH X)

Figure 3. Relation of meteor path to the form of the echo.

The validity of this equation could not be checked for the poor echoes,
since these had never been handled before, but computations were carried
out for the 17 meteors that had been reduced, and the results are found to be
in good agreement. For comparison, the meteor number, time of occurrence,
range, and velocity according to the original reduction and also from the data

for this report are tabulated for these 17 meteors in Table 3.
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This table shows clearly that the above method for velocity measurement
is sufficiently accurate (5 km sec-l) for the purposes of this report for re-
duced meteors. ¥ The data obtained (see Section 8. 3) are in good agreement
with previous work and show no irregularities, so this method appears ade-
quately justified even for meteors not previously reduced. (The film meas-
urements should give a velocity with an error of about £10%, neglecting

theoretical approximations.)

35

The one exception to this statement is meteor number 17991, the velocity
of which was originally reduced as 77. 96 km sec™l. When the film was
rechecked, however, it appeared that the original range measurement was
wrong, the range scale being rather unclear. A range of 177 km instead
of 377 km gives the more probable velocity of around 55 km sec”
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7. REDUCTION

For this report,only some of the preliminary statistical data were com-
puted, by no means encompassing the scope of all the data punched on the
cards. Even these, however, are of considerable interest and show the value
of handling meteor echoes in this way, though preferably in much greater

numbers. In particular, the following statistical data were computed.

7.1 Statistical Distribution of Shapes

This was computed as a simple listing of the number of meteors having
rise categories 0 through 9 for each of stations 1 to 6 in turn, and, similarly
for middle categories 0 through 9 and for fall categories 0 through 9. The
results are tabulated as a 10 X 18 array in Table 4. The total number of each
rise, middle, and fall type for all stations together was also computed and

tabulated in Table 4.

7.2 Statistics of Station Recording

The number of meteors recorded by each station was also computed in
order to compare the relative recording rates of the six stations. These

results are tabulated in Table 5.

7.3 Velocity Distribution

Velocities were calculated for all meteors having both range and zone
measurements. The number of meteors in ranges 0 to 5 km sec_l, 5to 10
km sec—l, +++, 75 to 80 km sec—1 were computed and tabulated. The total
‘number of computed velocities was 274 (27% of all echoes recorded). Five
of these were found to have measured velocities greater than 80 km sec_1
A further 31 were classed as 'slow."” This term was applied to meteors for

which the zone separation ""5' had only been set as a lower bound (i.e., with
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Table 4.

Shape frequency statistics

Station Frequency
number Part 1 2 3 4 5 6 7 8 9 10
1 Rise 12 38 120 )] 84 | 18] 5 1 18 32 | 778
1 Middle 81 43 | 66 11 1 2 0 | 40 62 | 700
1 Fall 12 | 26 | 35 { 72 2 1 133 1 2 | 722
2 Rise 40 | 48 | 46 76 | 25| 6 1 21 50 | 693
2 Middle | 135 | 42 | 46 9 311 0] 53 95 | 622
2 Fall 27 | 41 | 42 | 44 21 2 188 2 4 | 654
3 Rise 88 | 57 | 74 | 84 | 384 7 1 21 108 | 528
3 Middle | 218 | 54 | 43 16 51 1 0| 63 | 207 | 399
3 Fall 60 | 41 | 52 38 31 5 | 337 2 7 | 461
4 Rise 94 | 43 | 71 73 | 31 9 2 | 27 117 | 539
4 Middle | 197 56 | 49 3 311 0] 73 166 | 458
4 Fall 39 | 41 | 52 31 51 4 | 333 2 6 | 493
5 Rise 109 | 52 | 81 77 | 38 6 0] 28 158 | 457
5 Middle | 213 | 72 | 52 14 71 1 1 79 | 234 | 333
5 Fall 44 | 50 | 61 36 51 2 | 447 1 7 | 353
6 Rise 38 |69 |77 |62 [29] 6 1 27 52 | 645
6 Middle | 137 | 64 | 68 13 6| 0 0| 64 68 | 586
6 Fall 26 | 40 | 36 76 31 5 152 1 2 | 665
Data for all stations
Total rise 381 307369 456|179 39 6| 142 5171 3640
Total middle 981 331|324 | 66 25{ 6 11372 | 832 3098
Total fall 2081 23912781297} 2011911590 9 281 3348
Table 5. Station recording statistics
Station Number of meteors
number recorded Percentage of total
1 333 33.8
2 412 41.0
3 639 63.5
4 589 58. 6
5 725 72.1
6 436 43.5
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a "-" in the note column). Thus only an upper limit could be set to their
velocities. The meaning of ""slow'" is thus a function of the meteor range.

The upper limit corresponding to a selection of ranges is tabulated below:

Range (km) 40 80 120 160 200. 240 280 320 360 400

Upper velocity

limit (km sec'l)

(for a slow

meteor) 7.0 10,0 12.3 14.1 15.8 17.3 18.7 20.0 21.2 22.4

The results are shown in Table 6 and the normalized distribution in

Figure 4.
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Figure 4. Relative velocity distribution.
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8. DISCUSSION

8.1 Station Recording Statistics

Table 5 shows a clear rise in the recording rate of stations 1 to 5, with
a falloff for station 6. The configuration of the antenna system was such
that stations 1, 2, 3, etc.,also most frequently triggered that sequence.
Thus, meteors were at greater heights when in a position to trigger the ear-
lier stations. Being at a lower height when in a position for triggering the
later stations, and being more likely to cause triggering at lower heights,
the majority of meteors predominantly triggered later stations, reaching

maximum rate for station 5.

8.2 Shape Distribution

Table 4 contains a great deal of information on both the recording char-
acteristics of the stations and the occurrence rates of the shape categories

themselves.

Most interesting of all are the nearly ideal echoes. A truly ideal echo
is represented by ''111'" on the punch card, but most often the fall tails off
more slowly and the combination '"'117" can be considered nearly ideal. If
only the strictly concave rise (A.1) is considered ideal, then about 12% of
the useful echoes are ideal in the rise. If the similar rises A.2 and A. 3
(convex and straight) are included, then this figure becomes about 30%. The
middle por‘ion of an ideal echo is, however, of greatest interest as it is here
that zone measurements are made. Also from Table 4 it can be seen that
about 30% of useful echoes have the category B.1 (i.e., 15% of the total).
This figure gives a measure of the probability of any echo (treating different
stations as separate echoes) having measurable zones, but it is an optimistic
estimate since some of the zoned echoes may all be from one meteor but on
different stations. Nevertheless, of the total 1000 echoes, the velocities of

274 were measured, i.e., about 30%.
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It is of special interest to recall that only 17 (2%) of these had been
previously reduced. This is due to the more stringent criteria used for
reduction than for this report. For the full reduction, good echoes from a
meteor must be recorded on at least three stations. If the probability for each
station is about 1/3 (30%), then the probability of three stations recording
zones should be of the order of 1/3 X 1/3 x 1/3, i.e., about 3%. Thus the

two sets of facts are in agreement.

In general, the '""0''-shape category indicates that an echo was unobserv-
able because of late triggering or a premature cutoff of the recording system.
This, in effect, means a technical failure in the recording system and loss
of information. Approximately 5% of the sample were in this category either

in the rise, middle, or fall portion of the echo.
Echoes in the categories A. 9, B.9, and C.7 with short duration are pro-
duced by meteors on the threshhold of detection of the system. Approximately

10% of the sample were at this limit.

8.3 Velocity Distribution

Figure 4 shows the relative velocity distribution for about 850 meteors
obtained by Baker (1963), and for 274 meteors obtained in this report. The
agreement is good, especially for the maximum of the distribution at 30 to 35

km sec-l. This report shows anincrease in the low-velocity component,

It should be borne in mind that the data for this report were not weighted
in any way to eliminate selective effects in the choice of films, either in
time of day or time of year. In fact, meteor showers intrude into some of

the data. Baker has taken both of these effects into account.
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8.4 Range Distribution

A simple table of number of meteors with ranges in 20-km increments
from 0 to 600 km was computed and is reproduced in Table 7. These results
became available just before publication of the report, and no detailed exam-
ination was made of them. The maxima that appeared in the distribution at
150 km, 400 km, and 530 km are, however, not characteristic of the meteors
but of the recording system whose lobes select meteors preferentially in
range. Close examination of this table would provide information on the

antenna lobe pattern.

8.5 Good Echo-Velocity Relationship

Another set of results obtained at the closing of this report was a tabu-
lation of the number of good echoes falling into each velocity range. This
was computed for each station separately and is recorded as part of Table 6,
which gives the number of good meteors in velocity intervals of 0 to 5, 5 to
10, 10to 15, ++--, 75 to 80 km sec-1 (2 good meteor appears as '""111'" or
""117" on the cards). These numbers are also given as percentages of the

total number of meteors in the velocity increment.

Study of Table 6 should provide information on the dependence on velocity
of the production of ideal echoes. A similar correlation with range replacing

velocity is the projected next set of results.
The above correlations and deductions are of a preliminary nature.

Clearly, the data should receive a more extensive study than they were given

in this report, especially once a larger sample has been obtained.
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Table 7. Range distribution (total measured = 663)

Range interval (km)

Number
of meteors

% of total

0-20
20-40
40-60
60-80
80-100

100-120
120-140
P 140-160
160-180
180-200
200-220
220-240
240-260
260-280
280-300
300-320
320-340
340-360
360-380
380-400
400-420
420-440
440-460
460-480
480-500
500-520
520-540
540-560
560-580
580-600
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Number of meteors with no measured range = 342.

Number of meteors outside above range (i.e., >600) = 1.
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